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Incidence and predisposing factors of cold
intolerance after arterial repair in upper extremity
injuries
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Wolfgang Loescher, MD,c Michael Sieb, MD,d Peter Klein-Weigel, MD,e and
Gustav Fraedrich, MD,a Innsbruck, Austria; and Berlin, Germany
Objective: The purpose of this report was to present abnormal posttraumatic cold intolerance in patients that previously
underwent repair of arterial injuries after civilian upper limb trauma in our institution.
Methods: All patients who underwent repair of arterial lesions after upper limb trauma since 1990 were reviewed, and
clinical follow-up studies were performed. Patients were asked to complete the cold intolerance symptom severity (CISS)
questionnaire to evaluate presence and severity of self-reported cold sensitivity, and the disabilities of arm, shoulder, and
hand (DASH) questionnaire to analyze functional disability. Abnormal cold intolerance was defined as a CISS score over
30. Further analysis included evaluation of epidemiologic, clinical, and perioperative data for factors predisposing to
abnormal cold intolerance.
Results: A total of 87 patients with previous repair of upper limb arterial injuries were eligible to answer the CISS and
DASH questionnaires, and 56 patients (64%; 43 men; median age: 31.9 years) completed both. In our cohort, blunt
trauma was the predominant cause of injury (n  50; 89%). Accompanying lesions of nerves (n  22; 39%) and/or
orthopedic injuries (n 36; 64%) were present in 48 patients (86%). After a median follow-up period of 5.5 years (range,
0.5-19.7), 23 patients (41% of 56) reported on abnormal cold intolerance. Patients with cold intolerance had worse
functional results (as measured by the DASH questionnaire; mean  SD, 42.7  29.7 vs 11.5  23.9; P < .001) when
compared with patients without. Cold intolerance was more frequently seen in patients with previous nerve lesion (P 
.027) and in proximal injuries (subclavian or axillary vs brachial or forearm arteries: P .006), but was not correlated to
gender, age, involvement of the dominant or nondominant arm, and the presence of ischemia, bone injury, or an isolated
vascular injury.
Conclusions:Abnormal cold intolerance is frequently seen in patients with a history of arterial repair in upper limb trauma.
It is associated with significant functional impairment. Concomitant nerve injury and involvement of the subclavian or
axillary artery are the major predisposing factors for development of cold intolerance after upper limb trauma. (J Vasc
Surg 2012;56:410-4.)
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nAbnormal cold intolerance (ABCI) is defined as “ab-
normal pain with or without skin discoloration, numbness,
and weakness, or stiffness of the hand and fingers after
exposure to cold.”1-3 Clinical presentation shows signifi-
cant individual variations and limits a symptom-based
definition. As a consequence, especially for scientific use,
presence and severity of cold intolerance can be assessed
by use of validated questionnaires (eg, the cold intoler-
ance symptom severity [CISS] form).3,4 Using this ques-
tionnaire, ABCI was previously defined as a CISS score
higher than 30.
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410ABCI is increasingly recognized as a significant prob-
em after injuries to the upper limbs.4-6 As recently reported
y Carlsson et al,5 patients with ABCI after traumatic hand
njuries were more seriously disabled and had a poorer
ealth-related quality of life than patients without ABCI.
owever, so far, ABCI was most frequently described after
igital injuries and digital replantation.7-14 Various predic-
ors for development of ABCI in patients were defined,
uch as the presence of peripheral nerve injury,3,14-17 poor
osttraumatic sensory recovery,1,13,18-20 smoking status,3
arly postoperative pain,21 the presence of bone injury,22
nd themechanism of injury with higher rates of ABCI seen
n patients after blunt trauma when compared to sharp
njuries.3,12,20 In addition, in patients with nerve lesions,
oncomitant arterial injury was associated with increased
everity of cold intolerance.3,14,22 Noteworthy, those au-
hors investigated ABCI in a cohort of patients who exclu-
ively or predominantly suffered from hand and forearm
njuries. In contrast, to our knowledge, incidence and
redictors of ABCI in patients after repair of major arm
rteries have never been analyzed in a large series up to
ow.
In this study, we analyzed ABCI in the long-term
ollow-up of patients after upper extremity trauma with
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Volume 56, Number 2 Klocker et al 411concomitant arterial lesions that underwent vascular repair.
Furthermore, we compared long-term functional outcome,
as measured by the disabilities of arm, shoulder, and hand
(DASH) questionnaire23-26 in patients with and without
ABCI.
METHODS
All patients who had undergone repair of arterial le-
sions after upper limb trauma since 1990 in our institution,
a level I trauma center, were identified by searching our
institutional diagnosis registry. Patients’ charts and opera-
tive notes were reviewed. All individuals were asked for
updated clinical follow-up studies, but were excluded from
further analysis in case of posttraumatic limb loss, severely
restricted general condition, foreign language, or if they
were 18 years old. At the time of follow-up visits, which
included physical examination, bilateral segmental blood
pressure evaluation and calculation of arterial pressure in-
dexes, and/or duplex ultrasound scan, patients were asked
to complete the CISS questionnaire to evaluate presence
and severity of self-reported ABCI in the affected limb.3,4
The CISS form consists of six questions asking for fre-
quency and reversibility of cold intolerance, as well as
individual adaption and functional consequence. ABCI was
defined as a CISS score over 30.4 Further analysis included
evaluation of demographic parameters, mechanism of in-
jury, location of arterial lesion, presence of hand ischemia at
the time of injury, presence of concomitant injuries (nerve,
bone, and/or joint), and details of arterial reconstruction
for factors associated with higher incidences of ABCI.
To measure functional disability, all individuals were
asked to answer the DASH questionnaire. The DASH
questionnaire conceptualizes the upper extremity as a sin-
gle functional unit, and refers to the patient’s everyday
activities, which is assessed by 30 questions.23-26 DASH
answers were summarized and, using a conversion formula,
led to a score between 0 (full recovery) and 100 (severe
disability).
According to our institutional review board guidelines,
no application for institutional review board approval was
needed. Statistical analysis was performed using IBM SPSS
version 19 (IBM, Armonk, NY). For comparison of sub-
groups with and without ABCI, two-tailed 2 test was used
and considered significant if P  .05. Means and SDs of
DASH scores and age were calculated, and subgroup anal-
ysis and comparison of DASH scores and age were per-
formed using two-tailed t-test, which was considered sig-
nificant if P  .05. For multivariate analysis, frequencies of
significant and nonsignificant parameters were compared in
order to detect dependencies.
RESULTS
A total of 87 patients with a history of repair of upper
limb arterial injuries during the last 2 decades were asked to
answer the CISS and DASH questionnaires, and 56 indi-
viduals (64%; 59 repaired arterial lesions; 43 men; median
age, 31.9 years) completed both. In this cohort, blunt
trauma was the predominant cause of injury (n 50; 89%). 2he dominant extremity was involved in 29 injuries, the
ondominant in 27 cases. Arteries injured included: sub-
lavian (n  10), axillary (n  11), brachial (n  27), and
orearm (n 11). Three patients had combined injuries to
he radial and ulnar artery. Twenty-seven patients (48%)
resented with limb ischemia after trauma. Accompanying
esions of nerves (n 22; 39%) and/or orthopedic injuries
n  36; 64%) were present in 48 patients (86%). Nerve
esions included brachial plexus injuries (n 11) and single
n  1) or combined (n  10) lesions of the median (n 
), radial (n 7), and/or ulnar (n 4) nerves. Orthopedic
njuries included 32 bone fractures, affecting either the
umerus (n 25), clavicle (n 4), scapula (n 4) and/or
orearm (n  4), and 10 luxations of the shoulder (n  3)
r elbow (n  7).
After a median follow-up period of 5.5 years (range,
.5-19.7 years), 23 patients (41% of 56) reported an ABCI.
ll but one patient had patent arterial repairs as shown by
uplex ultrasound scan. A 63-year-old man, who reported
n ABCI, had an occluded vein interposition graft after
ear total amputation of the upper arm more than a decade
arlier. As there were no symptoms of claudication or
schemia in this limb, no redo revascularization procedure
as indicated in this patient. Demographic parameters,
echanism of injury, location of arterial lesion, presence of
and ischemia at the time of injury, presence of concomi-
ant injuries (nerve, bone, and/or joint), and details of
rterial reconstruction in patients with and without ABCI
re summarized in the Table. Presence of cold intolerance
as more frequently seen in patients with previous nerve
esion (P  .027) and proximal injuries (subclavian or
xillary vs brachial or forearm; P  .006), but was not
orrelated to gender, age, involvement of the dominant or
ondominant arm, and the presence of ischemia, bone
njury, or an isolated vascular injury. Comparison of CISS
cores in patients with blunt (n 50) and penetrating (n
) trauma was hampered by the small number of patients
ith penetrating injuries, which disallowed statistical anal-
sis. Similarly, the method of arterial repair included only
mall numbers of patients with primary repair, patch plasty,
nd end-to-end anastomosis, and only a single patient with
ndovascular treatment of subclavian artery lesions. There-
ore, statistical analysis for comparison of different tech-
iques was not applicable, although the number/percent-
ge of interposition graft was higher in the group with
BCI than in patients without (n  22 of 25 repairs in 23
atients with ABCI vs n  16 of 35 repairs in 33 patients
ithout ABCI; P  .008). Multivariate analysis confirmed
hat nerve injury and level of injury were independent
ariables significantly correlated to cold intolerance,
hereas ischemia and bone injury were not.
DASH scores showed wide interindividual variations.
owever, patients with cold intolerance had worse func-
ional results when compared with patients without (as
easured by the DASH questionnaire; mean SD: 42.7
9.7 vs 11.5  23.9; P  .001).
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ABCI of the hand and fingers is a significant problem
after injuries to the upper limb,4-6,12,13 most frequently
described after digital injuries and digital replantation.7-14
In contrast to several reports on ABCI after hand inju-
ries,4-7,27-29 which correlated ABCI development to the
patency of repaired digital arteries,12,20 ABCI after repair
of major arm arteries (ie, subclavian, axillary, brachial,
radial, and ulnar arteries) was not analyzed in large series up
to now. In 1979, Gelberman et al14 studied hemodynamic
alterations and symptoms of cold intolerance after single
forearm arterial injuries with (n 13) and without (n 7)
concomitant neurological lesions. Unrepaired single arte-
rial forearm injuries only caused modest alterations,
whereas combined nerve and arterial injuries led to signifi-
cant changes in hand vascularity and symptoms of cold
intolerance. Noteworthy, Gelberman et al14 did not use
standardized questionnaires to assess ABCI at that time,
and only patients with injuries to forearm arteries were
analyzed. Later, when evaluating 107 patients after median
and ulnar nerve injuries, Ruijs et al1 showed that an addi-
tional arterial injury was no predictor for ABCI. Consecu-
tively, based on previous data, the significance of injuries
Table. Demographic parameters, details of injury, presenc
repair in patients (n  56; 60 arterial lesions) with and wit
Parameter Total no.
Gender
Male 43
Female 13
Age, mean  SD
Injured side
Dominant 29
Nondominant 27
Mechanism of injury
Blunt 50
Penetrating 6
Level of injury
Subclavian/axillary artery 21
Brachial/forearm artery 39
Ischemia
Yes 27
No 29
Bone injury
Yes 35
No 21
Nerve injury
Yes 22
No 34
Isolated vascular injury
Yes 12
No 44
Type of repair
Stent graft 2
Simple stitches 4
End-to-end 9
Patch plasty 7
Vein interposition 38
ABCI, Abnormal cold intolerance; NA, not applicable due to small subgrou(and repair) of major arm arteries on the development of SBCI seemed questionable and, therefore, was analyzed in
ur institution.
The incidence of ABCI in our cohort of patients that
nderwent repair of major arm arteries was 41%. These data
ndicate that posttraumatic ABCI is a frequent finding and
potential problem not only after digital and hand injuries,
ut also after complicated arm injuries. To our knowledge,
ur analysis is the first report on ABCI measured and
efined by a standardized validated questionnaire, the CISS
orm,3,4 in a large series of consecutive patients that previ-
usly underwent repair of major arm arteries.
In our series, concomitant nerve injury was frequently
iagnosed in patients with ABCI and was significantly
ssociated with the development of posttraumatic ABCI
uring long-term follow-up. The importance of peripheral
erve injuries as a predictor of ABCI was documented
arlier,3,14-17 and ABCI in those cohorts was seen more
requently in cases with poor posttraumatic sensory recov-
ry.1,13,18-20 Noteworthy, in our cohort, 10 of the 23
atients with ABCI had no nerve injury, indicating that
revious nerve trauma is not an obligatory finding in pa-
ients with ABCI. Isolated vascular trauma without nerve
esion may lead to ABCI in a significant number of patients.
ischemia and concomitant injuries, and type of arterial
ABCI
tients with
I No. (%)
Patients without
ABCI No. (%) P value
0 (47) 23 (53) .132
3 (23) 10 (77)
.2  19.5 34.4  22.0 .403
0 (34) 19 (66) .299
3 (48) 14 (52)
1 (42) 29 (58) NA
2 (33) 4 (67)
3 (62) 8 (38) .006
10 (26) 29 (74)
12 (44) 15 (56) .621
11 (38) 18 (62)
16 (46) 19 (54) .362
7 (33) 14 (67)
13 (59) 9 (41) .027
10 (29) 24 (71)
4 (33) 8 (66) .539
19 (43) 25 (57)
1 (50) 1 (50)
0 4 (100)
1 (11) 8 (89)
1 (14) 6 (86)
22 (58) 16 (42) .0008e of
hout
Pa
ABC
2
39
1
1
2
1econd, in our series, the level of injury was a predictor of
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Volume 56, Number 2 Klocker et al 413posttraumatic ABCI; higher rates were seen in patients with
subclavian and axillary artery injuries (62%) when compared
to brachial and forearm artery repair (26%). There are no
data available for comparison to other series. However, the
fact that proximal injuries ledmore frequently to ABCImay
be explained by the higher rates of concomitant neurolog-
ical trauma associated with lesions of subclavian and axillary
arteries when compared to brachial and forearm vessels. In
contrast to other series, we were unable to confirm reports
showing that the presence of bone injury is an important
predictor of ABCI.22 The mechanism of injury could not
be evaluated in our cohort due to the small numbers of
patients with penetrating trauma (n 6), which disallowed
statistical analysis. It is generally considered that blunt
trauma is more frequently associated with neurolog-
ical and orthopedic injuries and, therefore, leads to a
significantly higher rate of disability30-34 including
ABCI.3,12,20 Thus, our series, which predominantly in-
volved blunt trauma, may overestimate the frequency of
ABCI and, in other words, ABCI may be less frequent in
patients with penetrating injuries.
For testing of ABCI, we used a free-accessible standard-
ized questionnaire, the CISS questionnaire, which was first
published by Irwin et al3 and modified by Ruijs et al4 in
2006. The CISS form was frequently used recently to assess
cold-related problems,5,6,28,29,35 and ABCI was defined as
a CISS score over 30.4 TheCISS form represents a clear and
simple questionnaire which is based on six questions asking
for symptoms, frequency and relief of symptoms, individual
adaption, and problems during daily activities. The answers
are transferred to a score, leading to a total between 0 (no
symptoms) and 100 (continuous and most severe problems
when exposed to cold and affecting multiple daily activi-
ties). In theory, other questionnaires aimed at evaluation of
patients with self-reported cold-related symptoms are avail-
able17,21,22,36: those forms vary widely, using either a few
simple questions which are converted to scores,22,36 mul-
tiple yes or no answers,21 or up to 44 different questions
about many different aspects.17 All questionnaires use the
concept of a self-reported assessment of symptom severity,
including a potential risk of exaggeration of complaints by
individuals expecting personal benefits. Accordingly, Nan-
carrow et al21 found significantly higher pain scores in
patients with ABCI filing a lawsuit; however, this may also
be interpreted as more severe disability of those patients
due to ABCI, and patients, therefore, were more prone to
legal actions.
For further assessment of functional disability in patients
with ABCI, we used the DASH questionnaire. The DASH
questionnaire is an instrument extensively validated23-26 and
frequently used to assess wrist and hand function in patients
with different diseases and injuries. Use of the DASH ques-
tionnaire was advised for assessing outcome in any upper limb
pathology irrespective of the site.37 In our cohort, the pres-
ence of ABCI after repair of major arm arteries was signifi-
cantly correlated to functional impairment measured by the
DASH questionnaire. The impact of ABCI on health-related
quality of life38 and functional disability of the upper oimb5,8,27 was addressed by some other publications previ-
usly: Gustafsson et al27 investigated 129 patients 10 years
fter acute traumatic injury and patients with cold intolerance
erformed significantly worse. Similarly, Carlsson et al5 ana-
yzed 124 patients after traumatic hand injury and used the
ASH and CISS questionnaires: patients with ABCI were
ore seriously disabled. Earlier, Koman et al38 evaluated a
otal of 162 patients with upper extremity injuries: patients
ith cold hypersensitivity had worse functional results, as
easured by the DASH questionnaire.
Noteworthy, our data reflect long-term results that are
btained after a median follow-up period of more than 5
ears. It is unclear whether incidence and severity of ABCI
s well as functional outcome assessed by the DASH ques-
ionnaire are different if measured early or late after trauma.
t was stated by Manord et al39 that final outcome after
pper limb trauma cannot be predicted on the basis of
nitial clinical presentation. There might be a potential for
unctional improvement and/or adaption to the functional
eficit during follow-up (eg, if a patient with injury to the
ominant right hand learns to use the left upper extremity
or everyday activities). However, when individual patients
re assessed, we could not find a great potential for im-
rovement years after initial trauma in most cases. This is
upported by other earlier reports, showing that, in patients
ith ABCI, symptoms do not improve over time.1,21,40 In
series of 100 patients with a variety of different hand
njuries, Nancarrow et al21 showed that, after a mean
ollow-up of 5.8 years, 79% of the patients with ABCI had
ersistent or progressive cold-induced problems.
There are several limitations to our study. First, data
ollection on details of arterial and concomitant injuries at
he time of initial trauma was performed retrospectively.
ocumentation might have been incomplete, and, there-
ore, lacking important information. Second, our analysis
id not include a control group. Due to the heterogeneity
f lesions, especially when dealing with concomitant injury,
control group seemed impossible to arrange. However,
atients themselves presented as controls, as they had one
reviously injured limb with symptoms of ABCI and a
ontralateral unaffected asymptomatic limb. Third, we can-
ot exclude selection bias for follow-up data, as patient
ollow-up was incomplete. Fourth, as in many other series
eporting on outcome after complex arterial trauma, the
verall number of patients did not allow for detailed calcu-
ation of specific subgroups. In addition, the small number
f patients with penetrating injury did not allow for com-
arison of outcome with blunt trauma.
In summary, in our series of patients after repair of
ajor arm arteries, ABCI was diagnosed in a total of 41% of
ll patients. Major predictors for development of ABCI
ere concomitant nerve injury and lesions of subclavian
nd axillary arteries. The presence of ABCI was correlated
ith worse functional outcome, as measured by the DASH
uestionnaire. Our data indicate that ABCI represents an
nderestimated long-term problem in patients after previ-
us arterial reconstruction in upper extremity trauma.
12
2
2
2
2
2
2
2
2
2
3
3
3
3
3
3
3
3
3
3
4
JOURNAL OF VASCULAR SURGERY
August 2012414 Klocker et alAUTHOR CONTRIBUTIONS
Conception and design: JK, TP, MM, WL, PK, GF
Analysis and interpretation: JK, MS, PK, GF
Data collection: JK, TP, LP, MM, WL
Writing the article: JK
Critical revision of the article: PK, GF
Final approval of the article: GF
Statistical analysis: JK, TP, MS
Obtained funding: GF
Overall responsibility: JK
REFERENCES
1. Ruijs AC, Jaquet JB, van Riel WG, Daanen HA, Hovius SE. Cold
intolerance following median and ulnar nerve injuries: prognosis and
predictors. J Hand Surg Eur Vol 2007;32:434-9.
2. Campbell DA, Kay SP. What is cold intolerance? J Hand Surg Br
1998;23:3-5.
3. Irwin MS, Gilbert SE, Terenghi G, Smith RW, Green CJ. Cold intol-
erance following peripheral nerve injury. Natural history and factors
predicting severity of symptoms. J Hand Surg Br 1997;22:308-16.
4. Ruijs AC, Jaquet JB, Daanen HA, Hovius SE. Cold intolerance of the
hand measured by the CISS questionnaire in a normative study popu-
lation. J Hand Surg Br 2006;31:533-6.
5. Carlsson IK. Rosén B, Dahlin LB. Self-reported cold sensitivity in
normal subjects and in patients with traumatic hand injuries or hand-
arm vibration syndrome. BMC Musculoskelet Disord 2010;11:89.
6. Nijhuis TH, Smits ES, Jaquet JB, Van Oosterom FJ, Selles RW, Hovius
SE. Prevalence and severity of cold intolerance in patients after hand
fracture. J Hand Surg Eur Vol 2010;35:306-11.
7. Lied L, Lydersen S, Finsen V. Cold intolerance after flexor tendon
injury. Disposing factors and long term prognosis. Scand J Surg 2010;
99:187-90.
8. Vaksvik T, Hetland K, Røkkum M, Holm I. Cold hypersensitivity 6 to
10 years after replantation or revascularisation of fingers: consequences
for work and leisure activities. J Hand Surg Eur Vol 2009;34:12-7.
9. Klein-Weigel P, Pavelka M, Dabernig J, Rein P, Kronenberg F, Frae-
drich G, et al. Macro- andmicrocirculatory assessment of cold sensitivity
after traumatic finger amputation and microsurgical replantation. Arch
Orthop Trauma Surg 2007;127:355-60.
10. Schwabegger AH, Hussl H, Ninkovic´ MM, Anderl H. [Replantation in
childhood and adolescence. Long-term outcome]. [Article in German]
Unfallchirurg 1997;100:652-7.
11. Backman CO, Nyström A, Backman C, Bjerle P. Cold induced vaso-
spasm in replanted digits: a comparison between different methods of
arterial reconstruction. Scand J Plast Reconstr Surg Hand Surg 1995;
29:343-8.
12. Tark KC, Kim YW, Lee YH, Lew JD. Replantation and revasculariza-
tion of hands: clinical analysis and functional results of 261 cases.
J Hand Surg Am 1989;14:17-27.
13. Schlenker JD, Kleinert HE, Tsai TM. Methods and results of replanta-
tion following traumatic amputation of the thumb in sixty-four patients.
J Hand Surg Am 1980;5:63-70.
14. GelbermanRH, Blasingame JP, Fronek A,DimickMP. Forearm arterial
injuries. J Hand Surg Am 1979;4:401-8.
15. Ruch DS, Vallee J, Li Z, Smith BP, Holden M, Koman LA. The acute
effect of peripheral nerve transaction on digital thermoregulatory func-
tion. J Hand Surg Am 2003;28:481-8.
16. de Medinaceli L, Hurpeau J, Merle M, Begorre H. Cold and post-
traumatic pain: modeling of the peripheral nerve message. Biosystems
1997;43:145-67.
17. Collins ED, Novak CB, Mackinnon SE, Weisenborn SA. Long-term
follow-up evaluation of cold sensitivity following nerve injury. J Hand
Surg Am 1996;21:1078-85.18. Koman LA, Nunley JA. Thermoregulatory control after upper extrem-
ity replantation. J Hand Surg Am 1986;11:548-52. S9. Kay S. Venous occlusion plethysmography in patients with cold related
symptoms after digital salvage procedures. J Hand Surg Br 1985;10:
151-4.
0. Gelberman RH, Urbaniak JR, Bright DS, Levin LS. Digital sensibility
following replantation. J Hand Surg Am 1978;3:313-9.
1. Nancarrow JD, Rai SA, Sterne GD, Thomas AK. The natural history of
cold intolerance of the hand. Injury 1996;27:607-11.
2. Craigen M, Kleinert JM, Crain GM, McCabe SJ. Patient and injury
characteristics in the development of cold sensitivity of the hand: a
prospective cohort study. J Hand Surg Am 1999;24:8-15.
3. Changulani M, Okonkwo U, Keswani T, Kalairajah Y. Outcome eval-
uation measures for wrist and hand: which one to choose? Int Orthop
2008;32:1-6.
4. Dowrick AS, Gabbe BJ, Williamson OD, Cameron PA. Outcome
instruments for the assessment of the upper extremity following trauma:
a review. Injury 2005;36:468-76.
5. Offenbaecher M, Ewert T, Sangha O, Stucki G. Validation of a German
version of the disabilities of arm, shoulder, and hand questionnaire
(DASH-G). J Rheumatol 2002;29:401-2.
6. Hudak PL, Amadio PC, Bombardier C. Development of an upper
extremity outcome measure: the DASH (disabilities of the arm, shoul-
der and hand) [corrected]. The Upper Extremity Collaborative Group
(UECG). Am J Ind Med 1996;29:602-8.
7. Gustafsson M, Hagberg L, Holmefur M. Ten years follow-up of health
and disability in people with acute traumatic hand injury: pain and cold
sensitivity are long-standing problems. J Hand Surg Eur Vol 2011;36:
590-8.
8. Smits ES, Nijhuis TH, Huygen FJ, Selles RW, Hovius SE, Niehof SP.
Rewarming patterns in hand fracture patients with and without cold
intolerance. J Hand Surg Am 2011;36:670-6.
9. Carlsson I, Cederlund R, Höglund P, Lundborg G, Rosén B. Hand
injuries and cold sensitivity: reliability and validity of cold sensitivity
questionnaires. Disabil Rehabil 2008;30:1920-8.
0. Joshi V, Harding GE, Bottoni DA, Lovell MB, Forbes TL. Determina-
tion of functional outcome following upper extremity arterial trauma.
Vasc Endovascular Surg 2007;41:111-4.
1. Brown KR, Jean-Claude J, Seabrook GR, Towne JB, Cambria RA.
Determinates of functional disability after complex upper extremity
trauma. Ann Vasc Surg 2001;15:43-8.
2. van der Sluis CK, Kucey DS, Brenneman FD, Hunter GA, Maggisano
R, ten Duis HJ. Long-term outcomes after upper limb arterial injuries.
Can J Surg 1997;40:265-70.
3. Shaw AD, Milne AA, Christie J, Jenkins AM, Murie JA, Ruckley CV.
Vascular trauma of the upper limb and associated nerve injuries. Injury
1995;26:515-8.
4. Thompson PN, Chang BB, Shah DM, Darling RC 3rd, Leather RP.
Outcome following blunt vascular trauma of the upper extremity.
Cardiovasc Surg 1993;1:248-50.
5. Ruijs AC, Niehof SP, Selles RW, Jaquet JB, Daanen HA, Hovius SE.
Digital rewarming patterns after median and ulnar nerve injury. J Hand
Surg Am 2009;34:54-64.
6. McCabe SJ, Mizgala C, Glickman L. The measurement of cold sensi-
tivity of the hand. J Hand Surg Am 1991;16:1037-40.
7. Gummesson C, Atroshi I, Ekdahl C. The disabilities of the arm,
shoulder and hand (DASH) outcome questionnaire: longitudinal con-
struct validity and measuring self-rated health change after surgery.
BMC Musculoskelet Disord 2003;4:11.
8. Koman LA, Slone SA, Smith BP, Ruch DS, Poehling GG. Significance
of cold intolerance in upper extremity disorders. J South Orthop Assoc
1998;7:192-7.
9. Manord JD, Garrard CL, Kline DG, Sternbergh WC 3rd, Money SR.
Management of severe proximal vascular and neural injury of the upper
extremity. J Vasc Surg 1998;27:43-7; discussion: 48-9.
0. Cederlund RI, Ramel E, RosbergHE,Dahlin LB. Outcome and clinical
changes in patients 3, 6, 12 months after a severe or major hand
injury—can sense of coherence be an indicator for rehabilitation focus?
BMC Musculoskelet Disord 2010;11:286.ubmitted Oct 23, 2011; accepted Jan 30, 2012.
